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In this paper we present the absorption characteristics 
of human melanin in the visible range of wavelengths 
and specifically in the range 620-720 nm. The spec-
troscopy of melanin is studied by measuring remittance 
spectra of normal skin and vitiligo-involved skin of 
volunteers-patients. It is assumed that the spectral dif-
ferences between adjacent areas of normally pigmented 
skin, and to some degree amelanotic skin, can only be 
due to the variations of the melanin filter. The ratio of 
the remittance spectrum of the vitiligo-involved skin 
with the spectrum of the normal skin in the range 620-
720 nm can be fitted with a straight line for all the 
volunteers. A very strong correlation is obtained be-
tween the intercept and the slope for all the volunteers, 
which leads us to conclude that it is indeed melanin that 
we are measuring in all the volunteers and that it is the 
same substance spectroscopically for all the volunteers. 
There has been a large number of studies concerned with the 
absorption characteristics of extracted as well as synthetic 
melanins in vitro. It is difficult to characterize these compounds 
chemically and physically. This is due in part to the fact that 
the UV -visible absorption spectrum of melanin shows no spe-
cific absorption bands [1] . Several laboratories around the 
world are attempting to do this. In most of the literature it is 
assumed that epidermal melanin absorbs much like dopa mel-
anin, which is soluble in water, and therefore its absorption 
spectrum is easily obtained. Extracted hair [2] melanins have 
been solubilized in very strong basic solutions and their ab-
sorption spectrum is s imilar to that of dopa melanin. 
Studies have a lso been carried out on the photochemistry of 
these compounds, as melanin is believed to provide photopro-
tection to more heavily pigmented individuals. This type of 
study requires a knowledge of the detailed characterization of 
the absorption spectrum of melanin in vivo, as well as photo-
chemical changes that might occur in the skin and their possible 
scenario of development. 
Some excellent proposals have been made [3-5] for t he 
sepa ration of the absorption by melanin and that by hemoglo-
bin . ln these models it is suggested t hat melanin and hemoglo-
bin act as if they are superimposed optical filters, each altering 
the absorption spectrum of the skin. The effect of successive 
optical filters on t he remitted intensity can be estimated by 
multiplying the attenuation caused by t he first filter by that 
caused by the second 
(1) 
t hat is to say, t he incident intensity, l 0 (f-) , is multiplied by a 
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factor which is the transmittance of the melanin filter TM(A) 
and this factor is mult iplied by a similar one due to the 
transmittance of the hemoglobin, filter, TH(A). 
In our study we looked for a natural system where we could 
control the hemoglobin concentration in order to study the 
absorption of melanin in vivo. The skin of vitiligo patients 
provides exactly such a system, where amelanotic areas of skin 
are surrounded by normal skin. Furthermore there are no 
structural differences that would affect the remittance spectra 
between the vitiligo-involved skin and the immediately adjacent 
normal skin. The only difference should be the absence of 
melanin in the vitiligo-involved skin areas. 
MATERIALS AND METHODS 
The Remittance Spectrometer 
The objective of this instrument was to quantify "skin color" as we 
perceive it with our eyes. White light is directed perpendicular to and 
in contact with the skin area under study and the amount of light 
coming back out of the skin is analyzed for its spectral components. 
For light incident at angles other than perpendicular to its surface, the 
amount of light that is scattered by the surface layer of the stratum 
corneum would be increased. The desired performance characteristics 
of such an instrument should include: (a) a very. stable light source; (b) 
the beam of light that strikes the skin should not move with respect to 
the surface of the skin; (c) the analyzer should be a low-noise instru-
ment, as there would be a large signal to be dispersed; (d) the pressure 
exerted on the skin area under study should be minimal and the 
temperature constant; (e) the instrument should be automated so that 
data acquisition and processing could be accomplished quickly and 
rapid evaluation performed. 
The instrument used is not unlike others described in the literature 
[3,6,7]. The light source was a quartz halogen, tungsten filament lamp 
(GE-EJL 200 W) which was powered by a very stable DC power supply 
(Hewlett-Packard 6034A) whose output was current-regulated better 
than 0.03 %. 
The light went into a bifurcated light fiber bundle which delivers 
the light to the skin. The joint end of the fiber bundle which was in 
contact with the skin consisted of randomly mixed fibers- half of these 
deliver light to the skin and the other half conducts the collected light 
signal from the skin to the analyzer. The analyzer was a double 
monochromator in order to reduce the stray light (Jobin-Yvon DHlO). 
The output of the monochromator was coupled to a photomultiplier 
(Oriel 7062), which was connected to a current amplifier (Oriel 7070). 
The analog output of the detection system was connected to a data 
acquisition system (Hewlett-Packard 3054DL). Besides the light out-
put, the temperature of the skin at a location 1 em away from the fiber 
bundle was measured (Ellab AH2) and recorded through the same 
acquisition system. Furthermore, the wavelength of the monochroma-
tor was recorded and the monochromator scanner was advanced to a 
new wavelength from 405-720 nm. 
Software was developed for the acquisition system to acquire data 
and to perform enough processing to present on the screen of the 
computer (Hewlett-Packard 85A) a graph of the remittance spectrum 
vs wavelength, compared to the spectrum of Al 203 as a reference, to 
correct for the instrument function. 
Fig 1 presents a drawing of the probe that was attached to the skin 
to obtain the remittance spectra. By bringing the optical bundle in 
contact with the skin we avoided the primary reflection (specular 
reflection) by the surface of the stratum corneum. This was found to 
contribute an unacceptable amount of fluctuation in data collected 
from run to run on the same individual; while in the geometry used we 
were able to obtain successive spectra from the same skin site within 
2% of each other and within 5% of each other from adjacent skin sites. 
The instrument function was obtained each day after warm-up to 
make sure that we were accounting for variations in the output of the 
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FIG 1. Detail of the probe. The outer part of the probe is made of 
polyethelene and the inner part of a luminum. Water is circulated 
through the aluminum block to maintain t he temperature at 31 "C. A 
thermocouple temperature probe is in contact with t he skin to maintain 
temperature monitoring throughout the measurements. 
lamp. The reference was obtained by filling a 25 rom-diameter, 3 mm-
deep cup with A1 203, spectroscopic grade, and leveling it with a spatula. 
The probe was placed so th.at t he front surface was 0.5 mm away from 
the surface of the AltO:~ . All spectra from skin were normalized to this. 
We t ried obtaining the instrument function using an integrating sphere 
as well as white ti les, but we found the fresh Al203 more reliable and 
our resu lts more reproducible. 
A complete spectral scan from 405-720 nm, in increments of 5 nm, 
took 2.3 min, during which time we rarely observed changes in t he skin 
color. The power de livered to the skin through the probe was 0.3 ± 
0.02 W /cm2• The spectra obtained with this instrument were not noisy 
and therefore no smoothing was necessary. 
Volunteers 
Forty-three volunteers were selected from the vitil igo patients who 
were receiving or were about to commence a series of PUV A treatments. 
No volunteer was under any medication at t he time of measurement or 
had been for t he previous 4 days. The volunteers were informed of the 
details of t he experiment and their consent was obtained prior to the 
experimentation. They were selected to have vitiligenous lesions on 
t heir arms and specifically on the inner side of t he lower arm or the 
lower part of the upper arm (people in our region are very sensitive to 
exposing any other part of the body). The patient was allowed to rest 
for 10 min before measureJ11ents were started. 
Measurements 
The location of the body where the measurements were to be carried 
out was selected and photographed. The volunteer was seated for a 
minimum of 10 min in the e1<act position to be maintained for obtaining 
the measurements and then the probe was applied to the first location 
to be recorded. This was uslJally the vitiligo-involved area; this position 
was marked on the photograph. Thi! probe was left on the skin for 
approximately 1 min before the remittance spectrum was recorded, in 
order to bring to equilibriu rl1 the temperature of the skin under inves-
t igation and the probe. When a scan was completed t he monochromator 
was returned to 405 nm, t he data were recorded on the floppy disc, and 
a graph of the remittance vs wavelength was displayed on t he video 
screen. T he probe was then moved to an area within 2 em of the original 
site where the pigmentation was normal and the complete procedure 
was repeated. 
RESULTS AND DISCUSSION 
The remittance spectra obtained from one of the volunteers 
are presented in Fig 2. One curve appears higher than t he other, 
indicating a larger remittance; t he curve that appears higher 
was obtained from the vitiligo-involved skin. The absorption 
bands due to hemoglobin are clearly shown in t he upper curve 
as the melanin filter is practically nonexistent in this case. The 
lower curve is from an adjacent area of normally pigmented 
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FIG 2. Remittance spectra from a viti ligo volunteer. Remittance, in 
arbitrary units, is plotted against wavelength, in nanometers. The upper 
curve was obtained from an area of skin that was amelanotic whi le the 
lower curve was obtained from normally pigmented skin. 
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FIG 3. The ratio of the remittance of the vitiligo-involved skin area 
of Fig 2 to the remittance of the normal skin area vs wavelength in 
nanometers. This curve shows no particular absorption bands and 
increases monotonically as one goes to shorter wavelengths. 
skin and it is for this reason that the hemoglobin absorption 
bands are severely attenuated. 
Pairs of curves as displayed in Fig 2 were obtained from all 
the volunteers. If we divide the remittance of the vitiligo-
involved skin by that of t he normally pigmented skin, a curve 
similar to t he absorption of dopa melanin is obtained. Fig 3 
shows the ratio of the remittance spectra displayed in Fig 2. 
Fig 4 shows t he ratios obtained for some of the volunteers-all 
t he curves are not shown for the sake of clarity. In calculating 
the ratio of the remitted intensity at 720 nm minus that at 400 
nm we find a minimum change of 0.2 and a maximum of 10.8, 
i.e., a factor of 50. 
The problem at this point is how to quantify the ratios 
observed on t he curves in Fig 4. 
We start by expressing the remitted intensity, ln(f.), in terms 
of t he transmittance of an absorption filter in the skin. Specif-
ically we write for t he remitted intensity from completely 
amelanotic vitiligo-involved skin, IRv(f.), 
(2) 
where Io(f.) is t he incident intensity, TH(A) the transmittance 
of hemoglobin, and S(f.) is a scattering term that accounts for 
the part of t he incident intensity that is lost due to scattering. 
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FIG 4. The ratio of remitta nce spectra from vitiligo-involved skin 
divided by that of normal ski n of the same individual. The 5 curves 
indicate the variation among different volunteers. In some of these the 
hemoglobin absorptions can be discerned. 
Similarly we can write for the remitted intensity from the 
adjacent site (norma l skin), InN(f-) , as 
TnN(t.) = lo(>-J · [TM(A)] · [T,.,(t.)] · S(t.) (3) 
where TM(t.) is the transm ittance of melanin. By calculating 
the ratio of the remitted intensity from vitiligenous sk in to that 
from normal sk in we obtain 
Inv(f-) = _ 1_ 
InN(A) TM(A) (4) 
If we calculate t he natural logarithm of both sides of eq. (4) we 
have 
(5) 
This provides us with a relation between the measured quan-
t ities Inv and TnN and the transmittance of the melanin filter. 
The Bouguer-Lambert law states 
- dl =a · I · dx (6) 
which means that a decrease in t he incident intensity, - dl, is 
proportional to the absorba nce of t he medium, a, that it tra-
verses and a lso the thickness of the medium, dx: This law holds 
if [8], "(a) the incident light is monochromatic and collimated 
(b) the absorb ing medium is homogeneous (c) the absorbing 
centers act independently of each other." Furthermore, Beer's 
law for transparent solvents states that 
- dl = c · a . I · dx (7) 
where c is the concentration of the solute and the other param-
eters are as defined above. 
In the case of skin, especia lly when we are concerned only 
with hemoglobin and melan in , there is good experimenta l evi-
dence t hat the third condition is satisfied, to a first approxi-
mation at least. The first two conditions strictly speaking are 
not satisfied; however we get around them by properly designing 
the experiment. The scattering/structure term, S(A), allows for 
the fact that some of the incident light is lost through scatter-
ing. And inhomogeneities in the absorbing medium can be 
ove rcome by calculat ing t he ratio of the remitted intensity from 
vit iligo-involved and normal skin. We think that it is reasona-
ble to assume that the same inhomogeneities occur in the 
normal and in the vitiligenous ski n areas, if adjacently located. 
In view of the fact that our volunteers, both for religious and 
psychological reasons, maintain the vitiligo-involved areas un-
der study always covered from sight, we would not expect other 
than small amounts of solar-inauced UV hyperkeratosis. In 
naked eye comparisons between vitiligenous and nonvitiligen-
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ous skin no structural differences were observed. Finally, we 
have measured experimentally the remittance from sk in with 
monochromatic light as well as with polychromatic light (only 
visible and near-infrared) and we found no sign ificant differ-
ences in the range considered here, 405- 720 nm . 
By comparing eq. (6) and (7) with eq. (5), we recognize, -In 
TM(t.) as the absorbance of the melanin filter. This means 
In Onv(A)/InM(f.)) =- a(A) · c · 1 (8) 
where a(t.) is the absorption coefficient of the absorber, c its 
concentration, and 1 the pathlength through the absorber. 
Assuming that 1, the absorption pathlength, is essentially 
the same among the volunteers and that the absorber were the 
same for all the vo lunteers (i.e., a( f-) would be the same) this 
would leave only the concentration to be determined for differ-
ent volunteers. Since the mechanisms of absorbance for mela-
nin in t he visible- near-infrared are not known beyond doubt, 
that leaves the additional possibility open that different mech-
anisms of absorption may be active in skins with different 
pigmentation levels. 
With these points in mind we calculated the natural loga-
rithm of the ratio of Inv(A) to IRN(A) of the same volunteer as 
in Fig 3, and present it in Fig 5. It can be noted that there are 
no major differences between these two figures. It would be 
desirable to fit a mathematical curve through the experimental 
points of Fig 5. However, no reasonable mathematical expres-
sion was found that could work for all the volunteers. (The 
points can be fitted with a logarithmic curve which is difficult 
to interpret physically). The spectral window 500- 620 nm is 
not useful as t he curve is affected always to some small extent 
by the hemoglobin absorption bands. This essentially divides 
the absorption spectrum of the absorber into two spectral 
ranges: 405- 500 nm and 620- 720 nm. This means cutting out 
the range 500- 620 nm where the 542 and 576 nm absorption 
bands of oxyhemoglobin appear. By comparing our data, from 
human skin with the absorption curves for black hair melanin 
and dopa melanin, it was decided that it would be reasonable 
to fit a straight line through the 620-720 nm range. This was 
performed for all the volunteers and the results are shown for 
some volunteers in Fig 6 and are tabulated for all the volunteers 
in Table I. This means that 
(9) 
the absorption coefficient times the concentration can be ex-
pressed as a function of the wavelength where cl is the intercept 
and c2 is the slope of the straight line fit through the experi-
mental points. 
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FIG 5. The logarithm of the ratio of the remittance spectra pre, 
sented in Fig 3 vs wavelength, in nanometers. A straight line is fitteq 
through the points from 620-720 nm. The points through which the fit 
is made are emphasized. 
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FIG 6. The ratio of the remittance spectra presented in Fig 4 vs 
wavelength, in nanometers. These are presented to show the variation 
of these curves a mong the volunteers. Stra ight line fit has been per-
formed for eac h curve for the points emphasized. T he absorption bands 
of hemoglobin are much more prominent in the logarithm curves than 
in Fig 4. 
TABLE I. Coefficients C, C2 , and the correlation. coefficient (R 2) for the 
straight line fit for all the vitiligo volunteers 
No. Volunteer ID C, c2 R2 
1 8001.09004 1.64 -1.77E-3 0.977 
2 HESL09032 1.83 -2.36E-3 0.995 
3 SDK1.09038 0.62 -6.91E-4 0.924 
4 KKR1.09056 2.74 -3.30E-3 0.994 
5 BAD1.09008 1.98 -2.24E-3 0.989 
6 ADLJ.09014 1.92 -2.30E-3 0.990 
7 TEI-11.09026 2.07 -2.46E-3 0.99::l 
8 ABD1.09038 1.85 -1.98E-3 0.984 
9 WAF1.09050 1.95 -2.28E-3 0.992 
10 A WD1.09062 2.98 -3.73E-3 0.998 
11 MAT1.09068 1.04 -l.30E-3 0.956 
12 SHAL09074 2.91 -3.42E-3 0.992 
13 AME1.09080 0.90 -1.03E-3 0.992 
14 HAI 2.09086 1.10 -l.29E-3 0.986 
15 SALL09104 2.40 -2.95E-3 0.990 
16 MOH1.03110 2.57 - 3.02E-3 0.994 
17 FAT1.03116 1.79 -2.18E-3 0.985 
18 JAB1.09L 28 2.82 - 3.50E-3 0.992 
19 NAD1.09134 2.02 -2.50E-3 0.988 
20 YUS1.09140 2.11 -2.49E-3 0.987 
21 MAI-1 2.09146 0.98 -l.19E-3 0.988 
22 BAT1.08114 1.29 -l.61E-3 0.965 
23 YOUl.l0008 2.08 -2.40E-3 0.991 
24 EBD1.10024 1.37 -1.86E-3 0.984 
25 BOTl.l0038 0.24 -2.47E-4 0.893 
26 HNAl.l0044 1.26 -1.58E-3 0.989 
27 AWAl.l0050 1.47 -1.80E-3 0.983 
28 NWA1.10056 1.92 -2.10E-3 0.959 
29 HODl.l0062 1.68 -1.90E-3 0.987 
30 SHMl.l0068 1.13 -1.37E-3 0.978 
31 NAD2.10074 1.67 -2.03E-3 0.986 
32 TMI-11.10080 1.87 -2.26E-3 0.995 
33 I-1101.10086 1.34 -1.58E-3 0.989 
34 AMI1.10092 1.19 -1.50E-3 0.988 
35 LIL1.l0098 3.30 -3.89E-3 0.994 
36 AML1.10110 2.92 -3.56E-3 0.996 
37 MHDU0116 2.09 -2.38E-3 0.978 
38 KKA1.10120 2.27 -2.80E-3 0.998 
39 KBL1.10124 1.67 -2.04E-3 0.994 
40 JAM2.10128 1.41 -l.72E-3 0.992 
41 FTM1.10132 2.17 -2.44E-3 0.996 
42 SAR1.10l04 2.58 - 3.12E-3 0.994 
43 AME1.09014 0.69 -7.87E-4 0.972 
Coefficients C, and C2 represent t he in tercept and slope of the 
straight line fit th rough the 620- 720 nm spectral range of apparent 
absorbance of the pigment difference between viti ligo-involved and 
normal sk in for t he same volunteer. 
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FIG 7. Coefficient C2 X(- 1. X 103 ) vs coefficient C,. Each point on 
this graph represents 1 volunteer. The expression for the straight line 
fitted through a ll the points is 
C2 X (- 1. X 103) =- 1.14 X 10-2 + 1.19 · C, 
The correlation coefficient, R2 = 0.979. 
Since in eq. (9) the absorption coefficient is the only term 
that is dependent on wavelength while c is a different constant 
for each volunteer, then C, and C2 should be correlated among 
all the volunteers if 
(a) the abso rber is the same for all the volunteers and 
(b) the absorption mechanism is the same for all the volun-
teers in the range 620-720 nm. . 
Fig 7 is a graph of c2 VS C, for all the volunteers. It IS most 
satisfying to note the strong correlation among all these vol-
untee rs. The relationship between C2 and C, can be expressed 
as 
(10) 
Another way of visualizing the strong correlation between C, 
and C
2 
is to say that one does not really need two constants to 
describe the absorbance for the different volunteers but simply 
one. That is one constant is universal for all the volunteers 
and the oth~r is different for different volunteers. Rewriting 
eq. (7) we have 
and therefore 
and 
a(A.)-c = C,- 1.19 X 10-3 .C,·A 
= C,.(l- 1.19 X 10- 3 ·A] 
a(A.) == 1- 1.19 X 10- 3 -A. 
(11) 
(12) 
(13) 
in t he wavelength range under investigation. 
In conclusion we can say, for the types of skin studied, that 
1. The absorber (melanin) is the same for all the volunteers, 
within experimental error. 
2. The mechanism of absorption is the same for all the 
volunteers in the range 620-720 nm. 
3. A coefficient C, is identified which is correlated with the 
pigment level in the skin. 
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